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In Predicting Aircraft Flight Characteristics 


FIGURE 1 — CAL model maker indicating alignment of the Bell 

X-1 model prior to machining. The Bell X-1 is one of over 20 

models fabricated, together with related equipment, in an average 
year in CAL’s Model Shop. 


Anxounp the turn of the century, when men first 
built flying machines, they also made test models to 
study flight characteristics in advance of full-scale flight. 
The first models, crude counterparts of today’s highly 
engineered models, were mounted on pivots at the 
end of a whirling arm. A few years later they were 
catapulted over a smooth floor in still air. Distances 
and direction were indicated -by marks left by small 
bags of lampblack carried in the model. 

It was only after these beginnings that the idea was 
born of holding the model stationary and blowing air 
past it in the first crude wind tunnels. It must be 
remembered that the model not only came before the 
tunnel, but was in fact the very reason for the tunnel’s 
existence. With an accurate, carefully designed aircraft 
model, the wind tunnel is a useful test facility where 
design characteristics can be verified before the full- 
scale aircraft is built. The model enables the designer 
to make design improvements in a relatively inexpen- 
sive manner. 

Early European and American tunnels were 
powered by flying machine engines and even as late 
as 1923 the Curtiss eight-foot tunnel at Garden City, 
New York was powered by a 400 horsepower Liberty 
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motor. Since then, great strides have been made in 
tunnel and weighing balance design. In keeping pace 
with and, in fact, contributing to these advances, the 
CAL variable density tunnel has become one of the 
world’s busiest and most versatile. 

CAL’s 8x 8-foot variable density transonic wind 
tunnel is scheduled for around-the-clock operation. 
Such operation stems naturally from the need of the 
airplane or guided missile designer for test data as 
rapidly as he can get them. As a result, a great deal of 
pressure is placed on the model-design and model- 
making teams to perform their tasks rapidly. Tunnel 
operations are accelerated by use of removable cart test 
sections which permit the advance installation of each 
model in a separate cart outside the tunnel. 

Before a model is ready for installation on one of 
the carts, however, it must be created by the model 
maker (Figure 1). Each man is encouraged to combine 
his experience with his inventive imagination, and thus 
to improve the quality and reduce the time span on 
numerous jobs. Machining common materials by con- 
ventional practices represents a large percentage of the 
time the model maker spends on any job. But those 
models of complicated design, which produce more test 
data faster, demand that novel fabrication techniques 
be used. Functional design, strength, quality, and low 
cost are important attributes of the models built and 
tested. Five types of models are commonly fabricated 
in the Laboratory’s model shop. Three of these types 
are shown in Figure 2. 


Models Fabricated in CAL’s Shop 

The subsonic type is equipped to furnish complete 
performance data. It is mounted on a sting which 
enters through the tail cone. The fuselage houses a 
six-component balance. All movable control surfaces 
are hinged and instrumented for hinge-moment meas- 
urement. An extensive surface-pressure survey system, 
including duct rakes, is installed. This model is of 
composite construction, reinforced wood or plastic 
fuselage and wing. The empennage is usually all metal. 
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FIGURE 2 — Group of three types of models tested in 

CAL’s variable density wind tunnel: lower left, Curtiss- 

Wright model on propeller dynamometer; upper left, B-29 

sting-mounted, full-span subsonic type; right, Avre sub- 
sonic reflection plane, half-span model. 


surfaces are instrumented to measure hinge. moments 
and the vertical fin is instrumented to measure normal 
force. Because this model is subjected to high aero- 
dynamic loads, hardened steel is used for the wing, 
empennage, and structural members of the fuselage. 
This model frequently carries pylon-mounted external 
stores and missiles. 

The subsonic reflection-plane type is a half-span 


A few of these models are powered by exact-scale pro- model split on the vertical centerline. Only the right 
pellers driven by high-cycle, variable-frequency motors. half of the airplane is represented. It is supported by 

The transonic type is also supported at the forward an enclosed balance located beneath the tunnel floor. 
end of a sting-type, six-component balance. Control The model plane of symmetry is positioned free from, 
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This fall, for the first time, U. S. 

Army Ordnance officially un- 

veiled a new guided missile, the 

Lacrosse, shown at left and in the 

inset on the cover. Lacrosse was 

developed by CAL as a surface-to- 

surface guided missile for close support 

operation on the battlefield. Besides the 

missile, the Lacrosse weapon system also 

includes a launcher mounted on a standard Army truck, and 

a guidance station. Accuracy and mobility of the system 

have becn successfully demonstrated in a series of test firings 
at White Sands Proving Ground. 

CAL and the Applied Physics Laboratory of Johns Hopkins 
University started collaborating on the original feasibility 
study of Lacrosse in 1947, when the Marine Corps outlined 
its need for such a surface-to-surface weapon. Two years 
later CAL received a research and development contract and 
embarked on a program of preliminary steady, design, an- 
alysis, fabrication and test, and final development. The pro- 
gram was accelerated in 1950 when Army Ordnance assumed 
cognizance over the project and assigned high priority to it. 
Test firings were concluded last summer. The missile is now 
entering production at the Glenn L. Martin Company. 


but close to the floor. The empennage is isolated from 
the fuselage by a separate balance. This permits meas- 
urement of tail loads at a given range of angular set- 
tings. Reflection plane models are equipped for hinge 
moment and pressure measurement. The fuselage of 
this model embodies a steel skeleton covered with sta- 
bilized mahogany (i.e., mahogany, the dimensions of 
which are independent of temperature, pressure and 
humidity) to form the airflow surface. The wing and 
tail surfaces are milled and contoured from hard 
aluminum plate. 

The airfoil-flutter type is constructed of flexible 
materials, molded, bonded, and assembled in such 
fashion that specific bending and torsional stiffness can 
be achieved. Models are suspended from an oscillator 
above the tunnel ceiling. Most of these models are 
tested at subsonic velocity, although CAL has done 
some work with transonic and supersonic flutter 
models. The models are instrumented to measure fre- 
quency and amplitude of flutter. 

Another type of model, consisting of propeller, 
spinner and nacelle, is tested on a 2000 horsepower 
propeller dynamometer. The propeller assembly of 
hub and blades is mounted on co-axial shafts projecting 
from a pedestal-type nacelle. Thrust; torque, and blade 
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bending are measured during clockwise rotation to 7800 
rpm. Tests are run in an airstream approaching Mach 
number 0.9. 

Propeller hubs, both manually adjusted and con- 
trollable, are machined from two hardened steel blocks 
joined at the centerline. The blades are machined and 
hand finished from hardened alloy steel forgings, and 
blade retention sockets are precisely finished. The shaft 
hole is broached to fit the propeller shafts. 


Information Needed by Designer 
The model designer requires certain essential ‘in- 
formation as a basis for each new model. Information 


supplied by the customer and the wind-tunnel aero- 


dynamics section is considered a specification for the 
new model. This specification usually includes: basic 
model dimensions; required test configuration; maxi- 
mum angle range of pitch, yaw, and roll; angular set- 
tings of movable surfaces; number of load and moment 
components to be measured; desired number, size, and 
location of pressure orifices; and extent of inspection 
required. 

While meeting the aerodynamic specifications, the 
design must also meet other basic model requirements. 
These include: strength and rigidity, with all structural 
members designed to have a safety factor of five; 
simplification of design for ease of fabrication; incor- 


poration of any feature which will reduce tunnel shut-_ 


down time required for model configuration change. 

One of the many design features the Laboratory has 
developed, and has incorporated in the model of the 
Fiat G-91 airplane, is a small, flexure-type hinge fitting 
which facilitates hinge moment measurement of ex- 
tremely thin control surfaces. A strain gage beam is 
an integral part of this fitting. Small angle adapter 
blocks permit angular deflection of the control surface. 
This precisely machined plate eliminates the need for 
hinge pins and bearings. 

The Avro C-105 aircraft model put to good use 
another valuable design detail — a unique method of 
tail attachment (Figure 3). A longitudinal square beam 
is machined as an integral part of the vertical fin. This 
strain gage beam is located at the base or root section, 
with its aft end fixed to the fuselage. A narrow slot, 
cut between the root of the fin and the beam, extends 
halfway forward from the trailing edge. When a. side 
load is applied to the vertical surface it causes the beam 
to twist, thus permitting measurement of normal force. 

When the horizontal tail plane extends from the 
sides of the fuselage, it is common to machine a shaft 
of suitable diameter and length at the center of rotation 
at the inboard end of the right and left tail plane. 
These shafts are fitted to the aft end of two cantilever 
beams housed within the fuselage. Angular “V” blocks 
clamp the shafts to the beams, thus providing a range 
of angular settings. The individual beams provide for 
moment and normal force measurement. 

Another important point in model design is to pre- 
clude interference between measured and non-measured 
parts. Sufficient clearance and freedom must exist to 
insure that the model is free from contact with the 


sting and fixed members of the balance. As a pre- 
caution the balance attachment is insulated from the 
model. An electrical warning grounding circuit is built 
into each sting-supported model. 

It is also desirable to have loading points on the 
model. Such points are used when it is necessary to 
check the main balance calibration without disassem- 
bling or removing the model from the wind tunnel. 
Loading rigs and a dummy model are provided as aids 
to calibration. 


Construction of the Model 

Although the Model Shop is well equipped with 
power tools, handwork is still needed, indeed is de- 
sirable, to produce a given model in the shortest time. 
Model construction begins with preparation of model 
scale layout plates and templates: The templates are 
cut and notched to prevent shifting. Then the outer 
edges of the template are ground square and parallel 
as a reference. This facilitates alignment and assembly 
of the model. 

Reinforced wood and Fiberglas are common ma- 
terials for the wings and fuselage of subsonic models, 


Strain gages 


\ 
Attachment to fuselage 
Rudder hinge moment beam 


FIGURE 3 — Section of airfoil, showing method of measuring 
normal force on vertical surface. Strain gage beam is fixed to 
the aft end of fuselage. 


such as the Fairchild M-230 and the Martin Skymaster 
aircraft models. The fuselage outer shape is built over 
a steel skeleton. This inner framework consists of a 
box or tubular beam to which a tapered wing beam 
is attached. The fuselage beam houses the balance and 
provides a means of tail attachment. Aileron and flap 
brackets are secured to the wing beam. Wood blocks or 
molded plastic sections are resin-bonded and machine- 
screwed to the beam structure. This assembly is then 
reduced to the desired contour by fitting templates 
and fairing between sections. 

Nacelles and fuselage ducts are conveniently molded 
around removable cores. Fiberglas cloth impregnated 
with Kish, Rezolin, or Renite resin is satisfactory for 
this method of construction. 

Metal wings are machined from either aluminum 
or steel. Plate or forgings hammered to an oversize 
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Drill orifice 


Mill lead tube slots 
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Solder tubes in slots 


Pass drill thru tube wall 


FIGURE 4 — CAL development for installation of surface pressure 
survey system. Diameter of orifice and width of slot are given for 
sections with thickness ratio of 4‘ or less. 


shape are used. If strength requirements allow the use 
of aluminum, the machining operation is practically 
the same as for steel; however, cutting speeds can be 
increased to a degree where the aluminum wing will 
cost only 75% as much as a similar steel wing. 

The wing blank is first reduced to the maximum 
tapered thickness, and the plan shape is cut to a work- 
ing layout on the piece. Then the twist angle lines 
and contour template location are established. Tem- 
plate grooves are cut to represent the total enclosed 
airfoil thickness. 

The wing is then mounted on a planer bed attached 
by a ball-and-socket type universal fixture, where the 
wing contour, taper, and twist are generated by mul- 
tiple cuts along the precisely located lines. To further 
reduce the wing to a near finished condition, an end- 
less belt grinder blends and fairs the surface. Final hand 
polishing time is reduced by adding abrasive powder to 
oil-coated abrasive cloth. 


Installation of Surface Pressure Survey System 

One way of measuring loads on the model during 
testing is by means of orifices connected to pressure 
gages. Installation of such a surface pressure survey 
system throughout a model can be difficult if the wing 
and tail sections are extremely thin. A practical means 
successfully used by the Laboratory is to drill orifice 
holes directly into the tubes that transmit the pressures 
(Figure 4). Orifice hole location is established and holes 
equal to the tube inside diameter are drilled clear 
through the section. Opposite the pressure surface a 
series of slots is milled from the holes to an inboard 
junction Tocation. These slots accommodate the lead- 
away hypodermic needle-type tubing. The tube end is 
sealed with hard solder and embedded in the slot over- 
lapping the pressure hole. The tube bearing slot is 
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completely filled with soft solder and smoothed to the 
original surface. Finally a drill is passed through the 
previously drilled hole into one wall of the tube. This 
opens a clear passage from the model surface to the 
pressure recording device. 

After final assembly and inspection of a completed 
model, static load calibration is carried out as a basis 
for determining the tunnel test data. The calibration 
equipment and dimensional accuracy of the model 
directly affect the aerodynamic forces, moments, and 
pressure survey. 

The ever increasing variety of models and related 
equipment built to satisfy this modern Jet Age requires 
that we continue a never-ending search for new methods 
of machining and fabricating. This includes not only 
the models themselves but also the many items so 
closely related to wind tunnel model testing. 


Model Started Before Design 

To construct an average high-speed wind tunnel 
model, a combination of mechanics is used — template 
makers, machinists, and model bench men. Actual 
model construction is always started well before com- 
pletion of the design. This reduces the over-all time 
span and allows the shop people to contribute to the 
design. Detail parts are usually completed in an eight- 
week period. Assembly of classified models within a 
restricted area, as was the case with the Bell X-1 model, 
requires two additional weeks. 

Quality of workmanship is of prime importance. 
Dimensional accuracy and surface smoothness are im- 
perative. Experience in building models, ranging in 
size from the 6” span supersonic models to flutter 
models of 96” span, has prompted originating a toler- 
ance chart which specifies allowable error, based on 
size of the model. This chart shows separate cross 
section variation for template, airfoil, body, and over- 
all assembly. It allows only a plus for template error 
and only a minus deviation for the template to model. 

Model making is a dynamic skill and new techniques 
are continually being advanced. In the not too distant 
future, wind tunnel models will probably have simu- 
lated jet propulsion. Model testing in the transonic 
range will incorporate design features to permit the 
model to deform when subjected to aerodynamic forces. 

In designing, building, and testing these new wind 
tunnel models, best results will continue to be accom- 
plished by a mutual understanding, of available methods, 
advantages, and limitations. 


REPORTS 


“DESIGN AND CONSTRUCTION OF WIND TUN- 
NEL MODELS,” a paper prepared for the Wind Tunnel and 
Model Testing Panel of the Advisory Group for Aeronautical 
Research and Development, meeting in Rome, Italy, Febru- 
ary, 1956. 26 pages.* 


This paper was prepared by Muncey and David M. Pote, 
formerly assistant head, Wind Tunnel Department, who now 
serves as head of Engineering Design and Shops. It discusses 
some methods and techniques which have been evolved in the 
design and construction of wind tunnel models. 


*To be published. 
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/ / / CAL Test 
and Neoprene Coating in Erosion Studies 


One who walks through a gentle spring rain seldom 
considers that raindrops can be small destructive 
“bullets” when they strike a high speed airplane. These 
bullet-like raindrops can erode paint coatings, plastic 
parts and even magnesium or aluminum leading edges 
to such an extent that surfaces appear to have been 
sandblasted. The structural integrity of the airplane 
may be affected after several hours of flight through 
rain. This problem is of special interest to military 
aircraft engaged in all-weather flying. 

Erosion by water drop impact has become an in- 
creasingly important research problem in the post-war 
era of high speed aircraft. Although most materials 


will not erode when an airplane flies below 400 miles 
per hour, plastics used in the noses of bombers and in 
radomes are important exceptions. They will begin to 
erode through completely in one to two minutes. A 
plastic specimen with typical erosion is shown on the 
next page. 


FIGURE 1 — CAL engineer examines a test specimen mounted on 
ends of a five-foot diameter test blade. ‘Whirling arm” test equip- 
ment is in a concrete-reinforced cell ten feet below ground. 


History of Erosion Research 

Erosion of metals by water drop impact is not a 
new phenomenon. Droplets present in steam have long 
been known to erode metal blades in steam turbines. 
This problem was studied by Paul Honegger, German 
metallurgist, as early as 1927. In his tests, various 
types of metals were made into short rods with one 
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end threaded. The rods were turned into the rim of 
a wheel which was driven at various speeds by an elec- 
tric motor. These test specimens were rotated through 
a jet of water at tip speeds up to about 500 miles per 
hour and data on the amount and type of erosion 
damage were compiled. 

Similar equipment was used by other leading 
metallurgists to test metals for turbine blades and to 
study the various factors influencing erosion. Despite 
extensive investigations, however, no completely satis- 
factory explanation of water drop erosion or its mech- 
anism has ever been evolved. 

Late in 1946, military personnel began to report 
the wearing away of plastic radome housings and paint 
coatings from leading edges of aircraft after short flights 
through rain-swept areas. New all-weather fighter in- 
terceptor aircraft experienced erosion of aluminum or 
magnesium leading edges after one to two minutes of 
flight at 650 to 700 miles per hour through rain. Based 
upon these service reports, as well as some preliminary 
work on water abrasion of plastics by Robert M. 
Robertson, Robert J. Lobisser and R. E. Stein, all of 
Massachusetts Institute of Technology, a program of 
research on the rain erosion of aircraft materials was 
prepared by Cornell Aeronautical Laboratory and pre- 
sented to the Armed Services for support. Wright Air 
Development Center accepted the proposal in 1948 
and CAL’s Materials Department was given prime 
responsibility for the work. Methods of simulating 
flight through rain were studied and the work event- 
ually led to the design and fabrication of a test facility, 
popularly known as the whirling arm. 


The Whirling Arm 

Airfoil-shaped specimens of plastics, metal, glass or 
ceramics are fastened to each end of a propeller which 
revolves horizontally at controlled speeds through 
simulated rain. Specimens are made flush with the entire 
propeller to reduce drag, and they are fastened on 
th blade with stainless steel clips. Raindrops fall from 
nozzles which control flow and pressure. These cali- 
brated nozzles are placed twenty-five feet above the 
test specimens so that simulated drops will reach 
terminal velocity and have the same spherical shape as 
natural raindrops. Figure 1 shows the five-foot di- 
ameter test blade, with specimens mounted on the ends. 
The blade runs from 300 to 750 miles per hour. As a 
safety measure, the test equipment is placed in a con- 
crete-reinforced cell ten feet below ground. 
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FIGURE 2 — Raindrops “explode” on a test specimen moving at 

450 mph. Outboard end of the steel test blade is badly eroded 

after exposure of about 1000 hours. Center of test specimen shows 

four small areas from which a neoprene coating has been blasted by 
raindrops after about 80 minutes of exposure. 


Early Erosion Research 

In early research, CAL studied droplet size, velocity 
of specimens, temperature of water and ambient air, 
angle of impact and specimen shape, to determine the 
effect of these variables on rate of erosion. Tests 
were conducted at two rainfall concentrations: one- 
inch per hour to simulate a moderate rainfall, and 
three inches per hour to simulate a torrential rain. In 
the simulated three-inch rainfall, drops ranged from 
2.5 to 2.7 millimeters.* 

CAL’s investigations disclosed that the amount of 
erosion above 400 miles per hour cannot be duplicated 
unless raindrops are uniform in size. Amount of erosion 
is a function of drop size and number of impacts at 
any given velocity. Therefore, it was not desirable to 
try to obtain the variation in droplet size observed in 
natural rainfall, since the chances of impacting the 
same number of similar size drops in two or more 
different tests becomes highly improbable. 

Investigations revealed that the larger the raindrops 
the greater the erosion, due to the greater kinetic 
energy of the large drops; also, that drop size deter- 
mines the critical velocity at which erosion of a speci- 
men begins to occur. Even with drop sizes as large as 
five millimeters, damaging erosion does not occur be- 
low velocities of 250 miles per hour. Each type of 
material has a threshold velocity below which erosion 
is not initiated even after exposure as long as 24 hours. 


Materials Investigations 

This critical velocity appears tobe proportionate 
to tensile strength and hardness of materials. In gen- 
eral, the harder materials, such as stainless steel and 
chromium or nickel base metals, have the greatest re- 
sistance to rain erosion. Elastomers such as neoprene, 
with its good resilience and tensile strengths of more 
than 2000 pounds per square inch, have the greatest 
resistance to rain erosion of any non-metallic materials. 


“Meteorological studies have shown that normal raindrops vary 
in size from .5 to § millimeters. 


However, as speed increases from 300 to 750 miles per 
hour, the amount of erosion on all types of materials 
increases rapidly. 

Results of a later phase of the rain erosion study — 
an attempt to correlate erosion resistance with some 
specific physical property of a material — indicated 
that soft, relatively resilient, non-brittle coatings of 
neoprene or polyethylene resist erosion as well as the 
more brittle materials such as glass, aluminum and alloy 
steels. Since rain erosion resistance could not be tied 
to any specific property, aircraft materials had to be 
evaluated on an empirical basis. 

Changes in temperature of water and ambient air 
from 40° to 90° F. were studied to determine their 
influence on rate of erosion, but no significant changes 
were noted. Findings in other phases of this early 
research disclosed that, at velocities of rain up to 700 
miles per hour, erosion was practically negligible at a 
15° angle of impact, increased slowly in amount and 
rate from 15° to 60°, and then increased rapidly as 
the angle increased from 60° to 90°. It was also found 
that flat or angular specimens generally eroded more 
slowly than did specimens with curved surfaces. 


High Speed Photography Used 

Researchers used high speed photography as an 
attempt to obtain a better understanding of liquid-solid 
impacts. A Fastax movie camera, capable of taking up 
to 7500 frames per second, photographed tests up to 
300 miles per hour. A standard 35mm camera and a 
General Electric Strobotac were used for tests at 400 
and 500 miles per hour, so that raindrop impacts could 
be recorded with even greater definition. 

Analysis of the high speed photographs indicated 
that pits appear, increase, overlap and become pro- 
gressively deeper on the surface of the specimen the 
longer it is exposed to rainfall. Pit diameter generally 
ranges from .01 to .02 inch for an impact velocity of 
about 400 miles per hour. From high speed photo- 
graphic and microscopic studies, it was observed that 
the jagged bottom surface of the pit is formed by a 
breaking out of the material in the form of minute 
flying fragments, rather than by swaging. Photographs 
also show that in one velocity range, repeated impacts 
are needed to form a pit, but as velocity increases up 
to a specific point, each drop impact will finally pro- 
duce a pit. Based upon these and other studies, it was 
concluded that erosion is essentially an impact fatigue 
process which is somewhat masked by the abrasive 
action of the high velocity flow of water after impact. 

It appears that if serious erosion damage to the air- 
plane is to be eliminated, the glass-reinforced laminate 
or metal which is exposed to the elements will have to 
be made more erosion resistant. However, studies on 
improved resins, or glass resin overlays, ceramic or 
metal coatings, and new techniques of fabrication have 
been disappointing, since all these materials erode in 
one to two minutes or less at 500 miles per hour and 
one-inch per hour rainfall. To make them truly erosion- 
resistant would require the improbable — the develop- 
ment of new, unknown molecular configurations. 
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FIGURE 3 — F9F jet aircraft used for flight testing erosion- 
resistant materials. Test specimens are mounted on leading edges 
of wings and nose radome. 


New Coating Developed 

The first encouraging results in making’ materials 
more erosion-resistant followed studies of resilient, 
rubber-like coating materials. When a program of 
developing a new coating started, the average life of 
a plastic or elastomeric coating was approximately 
thirty seconds at 500 miles per hour and one-inch per 
hour of rainfall. After three years of development and 
evaluation tests, a neoprene coating has been evolved 
that is capable of withstanding rain erosion for two 
hours. Evaluation tests have been rather extensive, 
covering such properties as adhesion, rain erosion re- 
sistance, outdoor durability, resistance to water and 
service fluids, effect of temperatures ranging from 
—65° to 400°F, and electrical tests, such as dielectric 
constant and loss tangent. 

A coating had to be developed that would also be 
electrically conductive and thus help to reduce the 
static electrification which accumulates on the exterior 
of aircraft flying through precipitation, and which in- 
terferes with radio reception. Since the straight neo- 
prene had been successful from other standpoints, this 
elastomer was used as a starting point for the successful 
development of an electrically conductive coating now 
universally used on high speed military aircraft. 


Flight Research Tests 

Several CAL departments have contributed to rain 
erosion studies, notably Flight Research, which has 
conducted erosion tests on an F9F jet aircraft flying 
at 500 miles per hour. Specimens of various materials 
were bonded to the leading edge of the wing and ex- 
posed to light and heavy rainfall (see Figures 3 and 4). 

This collaborative study by the Flight Research 
group indicated that the whirling arm test facility does 
not reproduce the amount of rain erosion in actual 
flight under identical conditions of rainfall, speed and 
time. However, it did show that materials could be 
rated in the same order of their relative rain erosion 
resistance on whirling arm apparatus up to Mach 1. 

Since the present trend in missile and aircraft design 
is toward supersonic flight, the phenomenon of erosion 
at higher velocities is of considerable interest today. 


FIGURE 4 — Typical specimens showing various stages of erosion. 
At left, uncoated structural plastic specimen, tested at 500 mph 
in one-inch per hour of simulated rainfall, eroded in one minute. 
When coated. with neoprene, the typical specimen, center, tested 
under the same conditions, eroded less in five minutes. Specimen 
at right, coated with improved neoprene, shows great resistance to 
erosion, although tested for one and one-half hours. 


An analytical approach to the supersonic problem led 
to the theory that shock waves at high Mach numbers 
might prevent rain erosion by splitting up or pushing 
aside the water droplets. However, it was postulated 
that the type of airfoil would influence the results so 
radically that no accurate prediction could be made. 

A new program has just been sponsored at CAL 
by Wright Air Development Center to study the 
feasibility of building a whirling arm test facility that 
will give speeds slightly over Mach number 3. Initial 
studies indicate a blade 56-feet in diameter, rotating 
in a helium atmosphere at a pressure of one-hundredth 
of an atmosphere, would give the optimum test results. 
The many factors involved in the design of this facility 
reveal that new aeronautical frontiers are again being 
pioneered. 


REPORTS 

“A STUDY OF THE RAIN EROSION OF PLASTICS 
AND METALS,” Lapp, Roy R., Stutzman, Ray H., Wahl, 
Norman E.; CAL Report PC-743-M-30 (WADC TR 53-185 
Part II); November, 1954. 

“THE RAIN EROSION OF AIRCRAFT MATERI- 
ALS,” Lapp, Roy R., Stutzman, Ray H., Wahl, Norman E.; 
CAL Report PC-743-M-35 (WADC TR 55-308); August, 
1955. 

“AN INVESTIGATION OF THE RAIN EROSION OF 
TRANSPARENT AIRCRAFT GLAZING MATERIALS 
AT SUBSONIC SPEED,” Lapp, Roy R., Stutzman, Ray H., 
Wahl, Norman E.; CAL Report PC-743-M-106 (WADC 
TR 55-499); November, 1955. 
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recent 
C. A. L. PUBLICATIONS 


Requests for copies of the following unclassified reports should be addressed on company letterhead, 
to the Editor. Distribution of some of these reports is restricted to the United States. 


“A SHOCK TUBE STUDY OF FLAME FRONT-PRESSURE WAVE INTERACTION,” Markstein, George H.; paper presented 
at Sixth International Symposium on Combustion, Yale University; August, 1956; 36 pages. 
Mutual interactions between pressure waves and flame fronts were investigated by means of a shock tube technique developed for 
the purpose. The tube of 3- by 3-inches internal cross section consisted of a high pressure chamber, a central portion and a com- 
bustion chamber of three- five- and one-foot lengths, respectively. 
““A STUDY OF INSTRUMENT ERRORS IN THE MEASUREMENT OF ELECTROSTATIC FIELDS AND THE DESIGN OF A NEW 
ELECTRIC FIELD METER,” Pilie, Roland J.; Ford, James W.; CAL Report RM-824-P-4; February, 1955; 62 pages. 
This report covers findings on the behavior of electric field meters of the “field mill” type. Experiences with existing field meters, 
and the need for and development of a new instrument is outlined in some detail. 
“A STUDY OF THE TENSILE AND CREEP-RUPTURE PROPERTIES OF FIFTEEN HEATS OF C-110M TITANIUM ALLOY 
sHEET,” Gillig, Frank J.; Guarnieri, Glen J.; CAL Report KB-912-M-7 (WADC TR 55-164); January, 1956; 
61 pages. 
Fifteen heats of titanium alloy RC-130-A (C-110M) were sampled and tested at room and elevated temperatures. Results indicate 
that a correlation exists between the room temperature strength properties and the yield and ultimate strengths at 500° and 700°F. 
“DESIGN OF AN AIR SUPPLY SYSTEM AND TEST SECTION FOR RESEARCH ON SCAVENGING SYSTEMS FOR PROPULSION 
WIND TUNNELS,” Wilder, John G.; Hindersinn, Kenneth; Weatherston, Roger; CAL Report AD-761-A-1 
(WADC TR 56-6); May, 1956; 56 pages. 
This report. presents a description of the design, construction, and operational features of an air supply system designed to drive 
supersonic or transonic test sections of approximately one-square foot in area. 


“INTERACTIONS QF FLAMES AND FLOW DISTURBANCES,” Markstein, George H.; reprinted from “Jet Propulsion”; 
June, 1956; 2 pages. 
This paper is a review of CAL’s research over a nine-year period, under sponsorship of Project Squid, of flame-flow interactions 
of various kinds. 
“LATERAL MECHANICAL CHARACTERISTICS OF NON-STATIONARY PNEUMATIC TIRES,” Segel, Leonard; CAL Report 
YD-1059-F-1; April, 1956; 46 pages. 


This report presents the results of an investigation of time-varying lateral force and moment properties of pneumatic tires. 


“THE EFFECT OF BOUNDARY LAYER PROFILE, AIR SPEED, AND SYSTEM GEOMETRY ON THE STABILITY OF FLOW IN 
SUCTION SYSTEMS,” Treanor, Charles E.; Flax, Alexander H.; CAL Report AD-918-A-1 (WADC TR 55-318); 
July, 1956; 48 pages. 

Stability of flow in air induction systems for boundary-layer suction has been studied as a continuation of the theoretical and 
experimental work reported earlier. Investigations reported here extend previous analysis to include effects of wave motion in 
the exit section of the suction system. 
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JOSEPH J. MUNCEY, who has supervised the construction 


NORMAN E. WAHL began his career in the aircraft industry 


of more than 1000 wind tunnel models in his career, began 
as an apprentice pattern maker for the Curtiss Aeroplane 
and Motor Company in Garden City, N. J. in 1919. In 1924 
he was made supervisor of the model shops, and twenty years 
later, in the midst of World War II, he set up the shop that 
later came under CAL. There were 39 men in the shop at 
that time; today the shop is composed of 110 highly skilled 
men, working around the clock. 

Muncey has fabricated or supervised construction of all 
production line Curtiss airplanes, models of experimental air- 
craft of revolutionary design, developed working models for 
the first all metal and variable pitch propellers, built a com- 
plete six-component weighing balance for wind tunnel work 
and supervised construction of the 1/30th scale working 
model of CAL’s wind tunnel. 


In the last ten years in CAL’s Model Shop, he has super- 
vised construction of models for nearly every aircraft com- 
pany in the United States, and for companies in Sweden, 
France, Italy, Canada and Belgium. Some of the models 
constructed under his guidance are in the Smithsonian Insti- 
tution, colleges and universities, and wind tunnels throughout 
the country. Last year he was invited to address the Advisory 
Group for Aeronautical Research and Development in Rome, 
Italy on model design and construction. 

He has taken extension courses at New York University, 
Cornell University, the Cleveland Industrial Institute and the 
National Metal Trades Institute. 


in February 1942 when he joined Curtiss-Wright Corporation 
as a materials engineer. In August 1944, he transferred to 
the plastics section of the Curtiss-Wright Research Labora- 
tory, forerunner of CAL. 

Since 1946 he has been head of CAL’s plastics section 
and has been engaged in various research and development 
programs on non-metallic materials. This work encompassed 
synthetic fibres, coatings, elastomers, adhesives, polyurethane 
foams for sandwiches, and plastics for high temperature 
structural aircraft applications. 

Over a ten-year period, he has served on several national 
committees to advance the use of reinforced plastics on air- 
craft structures, including those of the Office of Research 
and Development, Department of Defense, and the National 
Academy of Sciences. He is one of the contributors of data 
and has aided in drafting the Army-Navy cooperative bulletin 
on “Plastics for Aircraft.” 

Wahl received a bachelor of science degree in chemical 
engineering from the University of Michigan in 1941 and 
carried on graduate work at Michigan while working in the 
resin research laboratory of the Pittsburgh Plate Glass Com- 
pany. Earlier, he had worked in the laboratories of several 
paint companies on development of new resin and plastic 
coatings. 

He is a member of the plastics committee of the American 
Society for Testing Materials, the Society of Plastic Engineers, 
Society of the Plastic Industries, and the American Chemical 
Society. 
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